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DNA-methyltransferase-3B (DNMT3B) plays an import-
ant role in the generation of aberrant methylation in carci-
nogenesis. Polymorphisms and haplotypes of the DNMT3B
gene may influence DNMT3B activity on DNA methyla-
tion, thereby modulating the susceptibility to lung cancer.
To test this hypothesis, we investigated the association of
the —283T > C (from exon 1A transcription start site) and
—579G>T (from exon 1B transcription start site) poly-
morphisms in DNMT3B promoter, and their haplotypes
with the risk of lung cancer in a Korean population. The
DNMT3B genotype was determined in 432 lung cancer
patients and 432 healthy controls that were frequency-
matched for age and sex. Individuals with at least one
—283T allele were at a significantly decreased risk of
adenocarcinoma (AC) and small cell carcinoma (SM)
[adjusted odds ratio (OR) = 0.48, 95% confidence interval
(CI) = 0.28-0.82, P = 0.007; and adjusted OR = 0.47, 95%
CI = 0.24-0.93, P = 0.03, respectively] compared with
those harboring a —283CC genotype. Individuals with at
least one —579G allele were also at a significantly
decreased risk of AC and SM (adjusted OR = 0.47, 95%
CI = 0.28-0.81, P = 0.006; and adjusted OR = 0.51, 95%
CI = 0.26-0.99, P = 0.048, respectively) compared with
those having a —579TT genotype. The —283T allele was
linked with the —579G allele, and haplotype —283T/-579G
was associated with a significantly decreased risk of AC
(adjusted OR = 0.48, 95% CI = 0.29-0.81, P = 0.006) as
compared with haplotype —283C/-579T. In a promoter
assay, carriage of the —283T allele showed a significantly
lower promoter activity (~50%) compared with the —283C
allele (P < 0.001), but the —579G >T polymorphism did

Abbreviations: AC, adenocarcinoma; CI, confidence interval; DNMT, DNA
methyltransferase; OR, odds ratio; SCC, squamous cell carcinoma; SM, small
cell carcinoma; SNP, single nucleotide polymorphism; SP1, simian virus-40
protein 1.
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not have an affect on the DNMT3B promoter activity.
These results suggest that the DNMT3B —-283T>C
polymorphism influences DNMT3B expression, thus
contributing to the genetic susceptibility to lung cancer.

Introduction

Although cigarette smoking is the major cause of lung cancer,
only a fraction of smokers develop lung cancer during their
lifetime, suggesting that genetic and epigenetic factors are of
importance in determining individuals’ susceptibility to lung
cancer (1,2).

DNA methylation is a major epigenetic mechanism that reg-
ulates chromosomal stability and gene expression (3,4). DNA
methylation is mediated by DNA methyltransferases (DNMTs).
In human, three catalytically active DNMTs (DNMTI,
DNMT3A and DNMT3B) have been identified (5-7).
Although DNMTs act cooperatively for the establishment
and maintenance of genomic methylation patterns (8.,9),
DNMT is thought to be primarily responsible for maintaining
pre-existing methylation patterns after DNA replication
because of its preference for hemimethylated DNA substrates
and targeting to replication foci (10). DNMT3A and DNMT3B
have equal preference for hemimethylated and unmethylated
DNA substrates, and therefore they are believed to be princi-
pally required for de novo methylation (11).

Many human cancers including lung cancer have both global
hypomethylation and regional hypermethylation of CpG
islands (12-15). Such aberrant DNA methylation may contri-
bute to carcinogenesis in several ways. Hypomethylation may
lead to chromosomal instability, reactivation of transposable
elements, and loss of imprinting (13,16). Methylation of CpG
sequences may facilitates C-to-T transition mutations in tumor
suppressor genes and/or oncogenes through deamination of
5-methylcytosine to thymine (17). Methylated CpG sequences
may also increase susceptibility to attack by some environ-
mental carcinogens like benzo[a]pyrene diol epoxide (18,19).
Finally, de novo hypermethylation of promoter CpG islands
may lead to silencing of tumor suppressor genes and DNA
repair genes (4,13,16).

In various human cancers, DNMT genes are up-regulated
(20-22). Several studies have linked the aberrant de novo
hypermethylation of promoter CpG islands to the over-
expression of DNMTs (23,24). Genetic disruption of both
DNMTI and DNMT3B in human cancer cells has been shown
to result in global and gene-specific demethylation, and abro-
gation of silencing of tumor suppressor genes (8,25). Taken
together, these results suggest that altered activities of
DNMTs contribute to the generation of aberrant methylation
in cancer.

Single nucleotide polymorphisms (SNPs) are the most com-
mon form of human genetic variation, and may contribute to
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an individuals’ susceptibility to cancer. Many studies have
demonstrated that some variants affect either the expression
or activities of enzymes and therefore are associated with
cancer risk (1,26). Recently, several candidate SNPs in the
DNMT3B gene have been deposited in public databases
(http://www.ncbi.nlm.nih.gov/SNP). Although the functional
effects of these polymorphisms have not been elucidated, we
hypothesized that some of these variants, particularly their
haplotypes, may influence DNMT3B activity on DNA methyl-
ation, thereby modulating the susceptibility to lung cancer. To
test this hypothesis, a case control study was conducted to
evaluate the association between DNMT3B genotypes/haplo-
types and the risk of lung cancer. Among the candidate SNPs
in DNMT3B, we have focused on amino acid substitution
variants (Ala204Ser, 1541945G > T in exon 7; and Glu368Lys,
1547344G>A in exon 10; GenBank accession no.
NT_028392), and variants in promoter regions [—283T>C
(from exon 1A transcription start site); and —579G >T (from
exon 1B transcription start site); GenBank accession no.
NT_028392] as these most probably affect the gene function.
In addition, DNMT3B 46359C>T polymorphism (GenBank
accession no. AL035071) was also evaluated since this poly-
morphism was associated with the risk for lung cancer in a
previous study (27). In the present study, we evaluated the
association of —283T >C and —579G > T polymorphisms and
their haplotypes with lung cancer because Ala204Ser,
Glu368Lys and 46359C > T polymorphisms were not detected
in a preliminary study consisting of 50 lung cancer cases and
50 healthy controls.

Materials and methods

Study population

This case-control study included 432 lung cancer patients and 432 healthy
controls. The method used for subject enrollment was the same as for our
previous studies (28,29). Eligible cases included all patients (447 patients)
newly diagnosed with primary lung cancer between January 2001 and
February 2002 in Kyungpook National University Hospital, Daegu, Korea.
There were no age, sex, histological or stage restrictions, but 15 patients with a
prior history of cancers were excluded. Authors and a trained coordinator
explained the objectives and importance of this study, and we could include
all patients with histologically confirmed primary lung cancer. All patients
signed an informed consent for blood sample collection. The cases included
210 (48.6%) squamous cell carcinomas (SCCs), 141 (32.6%) adenocarcinomas
(ACs), 73 (16.9%) small cell carcinomas (SMs) and 8 (1.9%) large cell
carcinomas. The demographics and clinical characteristics of the cases were
consistent with those of a nationwide lung cancer survey conducted by the
Korean Academy of Tuberculosis and Respiratory Disease in 1998 (30).
Controls were randomly selected from a pool of healthy subjects who visited
the general health check-up center at Kyungpook National University Hospital
during the same period. We defined a healthy subject as a person free of
disease (including no history of cancer) on health check-up. A total of 3065
(1598 males and 1467 females) of 5578 healthy subjects agreed to this study
(participation rate, 54.9%). Compared with refused subjects, participated sub-
jects were similar in the distribution of sex (percent of male, 52.5 versus
52.1%; P = 0.80) and age (52.2 + 11.4 versus 52.1 £ 11.3; P = 0.80). From
3065 healthy volunteers, we randomly selected 432 control subjects frequency
matched (1:1) to the cases based on sex and age (£5 years). All cases and
controls were ethnically Koreans and resided in Daegu City or in the surround-
ing regions. A detailed questionnaire was completed for each case and control
by a trained interviewer. The questionnaire included information on the aver-
age number of cigarettes smoked daily and the number of years the subjects
had been smoking. For smoking status, a person who had smoked at least once
a day for > 1 year in his or her lifetime was regarded as a smoker. A former
smoker was defined as one who had stopped smoking at least 1 year before
diagnosis in the case of patients and 1 year before the date signed on
an informed consent for blood sample collection in the case of controls.
Cumulative cigarette dose (pack-years) was calculated by the following
formula: pack-years = (packs per day) x (years smoked).
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DNMT3B genotyping

Genomic DNA was extracted from peripheral blood lymphocytes by protein-
ase K digestion and phenol-chloroform extraction. The DNMT3B —283T >C
and —579G > T polymorphisms were determined by a PCR-RFLP assay. PCR
reactions were performed in a total of 20 wl containing 200 ng genomic
DNA, 25 pM each primer, 0.2 mM dNTPs, 75 mM Tris-HCI1 (pH 9.0),
15 mM ammonium sulfate, 0.1 pg/pl BSA, 2.5 mM MgCl, and 1 U of Tagq
polymerase (Neurotics, Seoul, Korea). PCR cycle conditions consisted of an
initial denaturation step at 95°C for 5 min followed by 35 cycles of 20 s at
94°C; 20 s at 54°C for —283T >C and 20 s at 56°C for —579G>T; 20 s at
72°C; and a final elongation at 72°C for 10 min.

PCR primers were designed based on the GenBank reference sequence
(accession no. NT_028392). The —283T > C polymorphism was determined
using the following primers: 5'-GAAAAAGGCCCCAGAAGGC(mutated
A — O)G-3 (bases 1 516 656-1 516 675 of DNMT3B) and 5'-GGCGG-
GGACGAGGGAAATTT-3' (bases 1 516 839-1 516 820 of DNMT3B). The
184-bp PCR product was digested with Banl (New England BioLabs, Beverly,
MA), and resolved on 6% acrylamide gel and stained with ethidium bromide
for visualization under UV light. The wild-type T allele has only one band
representing the entire 184-bp fragment, and the polymorphic C allele has two
bands (167 and 17 bp). The 579G>T polymorphism was determined using
the following primers: 5-GAGGTCTCATTATGCCTAGG-3' (bases 1 533
753-1 533 772 of DNMT3B); 5'-GGGAGCTCACCTTCTAGAAA-3" (bases
1 533 977-1 533 958 of DNMT3B). The 225-bp PCR product was digested
with Pvull (New England BioLabs) and resolved on 6% acrylamide gel and
stained with ethidium bromide for visualization under UV light. The wild-type
G allele has only one band, while the polymorphic T allele has two bands (132
and 93 bp). For quality control, genotyping analysis was performed blind with
respect to case/control status and repeated twice for all subjects. The results of
genotyping were 100% concordant. To confirm the genotyping results, selected
PCR-amplified DNA samples (n = 2, respectively, for each genotype) were
examined by DNA sequencing, and the results were also 100% concordant.

Transcription activity analysis

The fragments of the DNMT3B exon 1A promoter region (from —1140 to +53,
transcription start site of exon 1A counted as +1) and exon 1B promoter region
(from —863 to 4196, transcription start site of exon 1B counted as +1) were
synthesized, respectively, by PCR using genomic DNA from donors carrying
either the wild-type or polymorphic allele of each DNMT3B promoter region.
The PCR primers used for the exon 1A and exon 1B promoter regions were
5-TCGCGGTAAGTGCTAGGAAC-3" (forward) and 5'-GGAGCAGCTG-
CTGCGAGGAA-3" (reverse); and 5-AGATAAACTGCGAGGCTAGC-3'
(forward) and 5-TCTCAGGCTCAGACTGCTCT-3' (reverse), respectively.
The PCR products were inserted upstream of the luciferase gene in the pGL3-
basic plasmid (Promega, Madison, WI), and the correct sequence of all clones
was verified by DNA sequencing. Promoter activity was measured using the
Lucifierase Reporter Assay System (Promega). Chinese hamster ovary cells
were grown in minimal essential medium supplemented with 10% fetal bovine
serum. 1 x 10° cells were plated in a 6-well plate the day before transfection so
that cells were ~60% confluent by the next day. The pRL-SV40 and pGL3-
basic plasmid with the synthesized fragments of the DNMT3B promoter
regions were co-transfected using Lipofectine reagent (Invitrogen, Carlsbad,
CA). The pRL-40 vector that provides constitutive expression of Renilla
luciferase was used as internal control to correct differences in transfection
and harvesting efficiency. Cells were collected 48 h after transfection, and cell
lysates were prepared according to Promega’s instruction manual. Luciferase
activity was measured using a Lumat LB953 luminometer (EG&G Berthhold,
Bad Wildbad, Germany), and normalized using the activity of Renilla lucifer-
ase. The experiment was performed four times in triplicates, and the results
were reported as mean £ SD.

Statistical analysis

Cases and controls were compared using Student’s #-test for continuous vari-
ables and the x> test for categorical variables. Hardy-Weinberg equilibrium
was tested with a goodness-of-fit x2 test with one degree of freedom to
compare the observed genotype frequencies with the expected genotype fre-
quencies among the subjects. We examined widely used measure of linkage
disequilibrium (LD) between pairs of biallelic loci, Lewontin’s D’ (31). Haplo-
types and their frequencies were estimated based on Bayesian algorithm using
Phase program (32), which is available at http://www.stat.washington.edu/
stephens/phase.html. Unconditional logistic regression analysis was used to
calculate odds ratios (ORs) and 95% confidence intervals (Cls), with adjust-
ment for possible confounders (sex as a nominal variable; and age and pack-
years of smoking, as continuous variables). To assess the potential interaction
between genotype and smoking (smoking status or pack-years of smoking), we
first included the interaction term in the logistic model. The interaction bet-
ween genotype and smoking (smoking status or pack-years of smoking) was
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not statistically significant, and this was removed from the model. The differ-
ence of luciferase activities between the wild-type allele and variant allele was
assessed by Student’s #-test. All analyses were performed using Statistical
Analysis Software for Windows, version 8.12 (SAS institute, Gary, NC).

Results

The demographics of the cases and controls enrolled in this
study are shown in Table 1. There were no significant differ-
ences in the mean age and sex distribution between cases and

Table I. Characteristics of the study population

Variables Case (n = 432) Control (n = 432)
Age (years) 61.6 = 9.0 60.9 + 9.3

Sex

Male 352 (81.5)* 352 (81.5)
Female 80 (18.5) 80 (18.5)
Smoking status”

Current 317 (73.4) 229 (53.0)
Former 39 (9.0) 98 (22.7)

Never 76 (17.6) 105 (24.3)
Pack-years* 39.9 £ 17.9 344 £ 17.6

“Numbers in parentheses, percentage.
P = 0.001.
In current and former smokers, P < 0.001.

DNMT3B polymorphisms and risk of primary lung cancer

controls, suggesting that the matching based on these two
variables was adequate. The cases had a higher prevalence of
current smokers than the controls (P < 0.001). The number of
pack-years in smokers was significantly higher in cases than
in controls (39.9 £+ 17.9 versus 34.4 + 17.6 pack-years; P <
0.001). These differences were controlled for later by multi-
variate analyses.

The distributions of DNMT3B —283T>C and —579G>T
genotypes among controls and cases are shown in Table II. The
genotype distributions of both polymorphisms among the con-
trols were in Hardy-Weinberg equilibrium. No significant
deviation was observed for the genotype distributions of both
polymorphisms between overall lung cancer cases and con-
trols. When the cases were categorized by tumor histology,
however, the distributions of —283T >C and —579G >T gen-
otypes in the AC group (TT 0%, TC 14.2%, CC 85.8% and GG
0%, GT 13.7%, TT 86.3%) were significantly different from
those among the controls (TT 1.6%, TC 24.5%, CC 73.8% and
GG 1.6%, GT 25.0%, TT 73.4%; P = 0.009 and P = 0.007,
respectively). The distributions of genotypes of both poly-
morphisms in the other histological subtypes were not signific-
antly different from those among the controls.

Table I1I shows the lung cancer risk related to the DNMT3B
—283T>C and —579G >T genotypes, respectively. ORs and
their 95% Cls were calculated using the more common homo-
zygous variant genotype as the reference group (—283 CC and

Table II. DNMT3B genotypes and allele frequency among controls and cases

—283T > C genotype

—579G>T genotype

TT TC CcC T allele frequency (%) GG GT TT G allele frequency (%)
Control 7 (1.6)* 106 (24.5) 319 (73.8) 139 7 (1.6) 108 (25.0) 317 (73.4) 14.1
Case 5(1.1) 85 (19.7) 342 (79.2) 11.0 4 (0.9) 87 (20.1) 341 (78.9) 11.0
Squamous 3(14) 55 (26.2) 152 (72.4) 14.5 2 (0.9) 56 (26.7) 152 (72.4) 14.3
Adeno 0 (0.0 20 (14.2) 121 (85.8)° 7.0 0 (0.0) 18 (13.7) 113 (86.3)° 7.0
Large 0 (0.0 1(12.5) 7 (87.5) 6.3 0 (0.0) 1 (12.5) 7 (87.5) 6.3
Small 2(2.7) 9 (12.3) 62 (84.9) 8.9 2(2.7) 10 (13.7) 61 (83.6) 9.6

“Numbers in parentheses, percentage.
°P = 0.009.
‘P = 0.007, AC versus control.

Table III. Crude and adjusted” ORs for lung cancer associated with DNMT3B genotypes

Genotype All cases

Squamous cell carcinoma AC SM

—283T > C genotype
CC (reference) 1.0 1.0
TC + TT crude 0.74 (0.54-1.02)°

Adjusted 0.75 (0.54-1.03)¢ 1.04 (0.71-1.53)
—579G>T genotype
TT (reference) 1.0 1.0

GT + GG crude 0.74 (0.54-1.01)"

1.08 (0.74-1.56)

1.05 (0.73-1.52)

1.0 1.0
0.47 (0.28-0.78)° 0.50 (0.25-0.99)"
0.48 (0.28-0.82)" 0.47 (0.24-0.93)%

1.0 1.0
0.46 (0.27-0.77)° 0.54 (0.28-1.04)"
0.47 (0.28-0.81)' 0.51 (0.26-0.99)’

“ORs (95% ClIs) and corresponding P-values were calculated by logistic regression, adjusted for age, sex and pack-years of smoking.

Adjusted 0.75 (0.54-1.03)° 1.04 (0.71-1.53)
°p = 0.07.
°P = 0.003.
dp = 0.04.
°P = 0.08.
P = 0.007.
gp = 0.03.
"P = 0.06.
P = 0.006.
P = 0.048.
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—579 TT genotypes, respectively). Because of low prevalence
of homozygous wild-type genotype, we combined this geno-
type with heterozygous genotype into one group and compared
it with the reference group (a dominant model for the wild-type
allele). As compared with the reference group, the combined
—283 TT and TC genotype, and the combined —579 GG and
GT genotype were associated with non-significant decreased
risk of overall lung cancer, respectively (adjusted OR = 0.75,
95% CI = 0.54-1.03, P = 0.08; and adjusted OR = 0.75, 95%
CI = 0.54-1.03, P = 0.08, respectively). When analyses were
stratified by tumor histology, the combined —283 TT and TC
genotype, and the combined —579 GG and GT genotype were
associated with a significantly decreased risk of AC, respect-
ively (adjusted OR = 0.48, 95% CI = 0.28-0.82, P = 0.007;
and adjusted OR = 0.47, 95% CI = 0.28-0.81, P = 0.006,
respectively), and these two combined genotypes were also
associated with a significantly decreased risk of SM, respect-
ively (adjusted OR = 0.47,95% CI = 0.24-0.93, P = 0.03; and
adjusted OR = 0.51, 95% CI = 0.26-0.99, P = 0.048, respect-
ively). However, there was no significant association between
these two polymorphisms and the risk of SCC.

DNMT3B —283T > C and —579G > T polymorphisms were
in LD in the cases and controls (D' = 0.96 and 0.95, respec-
tively). Two common haplotypes (—283T/—579G and —283C/
—579T) accounted for 98% of the chromosome of the present
study population. Two haplotypes (—283T/—579T and
—283C/—579G) that had a frequency of <1% was excluded
[controls, 5 (0.6%) and 7 (0.8%); and cases, 3 (0.4%) and 3
(0.4%), respectively] from further analysis to avoid possible
errors in either the genotyping or the estimation process. The
distributions of haplotypes —283T/—579G and —283C/—579T
among the cases and controls are shown in Table IV. The
distribution of the haplotypes among overall lung cancer
cases was not significantly different from that among the
controls (P = 0.08). When the cases were categorized by
tumor histology, the haplotype distribution in the AC group
was significantly different from that among the controls (P =
0.002). To examine the effect of haplotypes on the risk of lung
cancer, the —283C/—579T haplotype was used as the reference
group. As compared with the reference haplotype, the —283T/
—579G haplotype was associated with non-significant
decreased risk of overall lung cancer (adjusted OR = 0.77,
95% CI = 0.57-1.04, P = 0.09). When analyses were stratified
by tumor histology, the —283C/—579T haplotype was asso-
ciated with a significantly decreased risk of AC (adjusted
OR = 0.48, 95% CI = 0.29-0.81, P = 0.006).

We investigated the effects of the —283T>C and
—579G>T polymorphisms on the promoter activity of
DNMT3B by luciferase assay. The promoter activity of the
—283T allele was significantly lower (~50%) compared with
the —283C allele (P < 0.001, Figure 1), but the —579G>T
polymorphism did not affect the promoter activity (data not
shown).

Discussion

We investigated the influence of DNMT3B polymorphisms on
the risk of lung cancer in a hospital-based case-control study.
The —283T>C and —579G>T polymorphisms in the
DNMT3B promoter, and their haplotypes were significantly
associated with the risk of AC of the lung. This finding sug-
gests that the DNMT3B —283T>C and —579G>T poly-
morphisms could be used as markers of genetic susceptibility
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Table IV. Distribution of DNMT3B —283T >C and —579G >T haplotypes
among cases and controls

Adjusted OR (95% CI)°
for haplotype T-G versus

Haplotype®, no. (%)

T-G C-T haplotype C-T
Control 115 (13.3) 737 (85.3) 1.0
Case 92 (10.6) 766 (88.6)° 0.77 (0.57-1.04)¢
Squamous 59 (14.0) 358 (85.3) 1.02 (0.72-1.45)
Adeno 19 (6.7) 261 (92.5)° 0.48 (0.29-0.81)"
Large 1(6.3) 15 (93.7) 0.41 (0.05-3.13)
Small 13 (8.9) 132 (90.4) 0.59 (0.32-1.09)%

“The order of the polymorphisms is as followed: —283T>C and —579G >T.
"ORs (95% Cls) and corresponding P-values were calculated by logistic
regression, adjusted for age, sex and pack-years of smoking.

°P = 0.08, cases versus controls.

4P = 0.09.
°P = 0.02, AC versus control.
P = 0.006.
P = 0.09.

100

80

60 -

40 +

Relative luciferase activity (%)

20 +

-283T -283C PGL3-basic

Fig. 1. Transcription activity analysis of the —283T > C polymorphism of
DNMT3B promoter. CHO cells were transiently co-transfected with
luciferase reporter constructs and pRL-SV40. Luciferase activities were
normalized against the internal control Renilla values. The pGL3-basic
plasmid lacking promoter sequence was used as a negative control. The data
represent mean + SD calculated from four independent experiments done
in triplicates, and are expressed as a percentage of the —283C allele activity.
The difference between the —283T and —283C constructs was significant at
P < 0.001 (z-test; n = 12).

to AC. Of three major histological types of lung cancer, the
proportion of AC is increasing world-wide. Thus, identifica-
tion of genetic factors responsible for susceptibility to AC is
indispensable to establishing novel and efficient ways of pre-
venting the disease.

The DNMT3B gene has two transcriptional start sites, which
exist in different exons (exon 1A and 1B) and the expression is
regulated by different promoters. One promoter is nested
within a CpG-rich area, whereas the other promoter is found
in CpG poor (33). The DNMT3B —283T>C (-283 bp from
exon 1A transcription start site) and —579G>T (—579 bp
from exon 1B transcription site) polymorphisms are located
in the CpG-rich and CpG-poor promoters, respectively. In the
present study, we found that these two polymorphisms are in
linkage disequilibrium.

In the present study, carriers with —283T and —579G alleles
were at decreased risk of lung cancer as compared with indi-
viduals having —283C and —579T alleles. To determine
whether the association between the DNMT3B —283T>C
and —579G >T polymorphisms, and the risk of lung cancer
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is due to difference in the transcriptional activity of the DNMT
promoter, we compared the promoter activity of the wild-type
allele or polymorphic allele of these two polymorphisms by
luciferase assay. Since the —283T>C and —579G>T poly-
morphisms were in LD, the functional effects of both poly-
morphisms might be haplotype-dependent. Therefore, it is
reasonable to compare the promoter activity of haplotypes
(haplotype —283T/—579G versus haplotype —283C/—579T).
However, it is difficult to synthesize the construct containing
both —283T > C and —579G > T polymorphisms by PCR since
the —579G >T polymorphism is located at 17 171 bp from
the —283T > C polymorphism. Therefore, we investigated the
effect of each polymorphism on the promoter activity, respec-
tively. The in vitro promoter assay revealed that the —283T
allele had a significantly lower transcriptional activity than
that of the —283C allele, and the —579G >T polymorphism
did not effect on the transcriptional activity of the DNMT
promoter. These results suggest that the genetic effects of
DNMT3B polymorphisms on lung cancer risk are mainly
attributed to the —283T > C polymorphism, and also suggest
that the —283 T to C change up-regulates DNMT3B expres-
sion, resulting in a predisposition towards aberrant de novo
methylation of CpG islands in tumor suppressor genes and
DNA repair genes. This explanation is comparable with the
suggestion proposed by previous studies (34,35) that indivi-
duals with increased DNMT levels may have a greater suscept-
ibility to lung cancer. The mechanism by which the DNMT3B
—283C allele led to higher promoter activity is currently
unknown. Analysis of potential transcription factor binding
sites by Alibaba2 program (36) showed that the —283T to C
change leads to the creation of a simian virus-40 protein 1
(Spl) binding site and eliminates a c-Jun binding site. Spl is a
transcription factor enhancing expression of several viral and
cellular genes by binding to specific enhancer sites. Yanagi-
sawa et al. (33) reported that the deletion of the Spl binding
site in the DNMT3B exon 1A promoter region results in a
reduction of the promoter activity. Therefore, it is possible
that the creation of the new Spl binding site, due to the
—283C allele, may lead to enhanced promoter activity. How-
ever, this hypothesis needs to be verified in future studies.

In the current study, the DNMT3B polymorphisms were
significantly associated with the risk of AC, but not SCC.
Although the reason for the observed histology-specific
difference in the risk conferred by the DNMT3B polymorph-
isms remains to be elucidated, this difference may be attribu-
table to the differences in the pathways of carcinogenesis
among histological types of lung cancer. Certain genotypes
could therefore confer a greater susceptibility to a particular
histological type of lung cancer (37-39). Various lines of
evidence suggest that DNMT activity and aberrant promoter
methylation can be modulated differentially by specific carci-
nogens and cell types exposed to the carcinogen (40,41).
Therefore, the observed histology-specific difference in the
susceptibility conferred by the DNMT3B polymorphisms may
result from a different DNMT3B activity by histological types
of lung cancer. This explanation is comparable with the pre-
vious report (42) that the aberrant promoter methylation rates
of several genes were significantly higher in AC than in SCC.
Another possible explanation is that this finding may be due to
the different effects of other genetic variants on a genetic
predisposition toward aberrant DNA methylation by histologi-
cal types of lung cancer. For example, the DNMT3A is also
required for de novo DNA methylation and can compensate for
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lack of DNMT3B activity (11). Therefore, DNMT3A poly-
morphisms could effect on the occurrence of de novo promoter
methylation. It should be also considered that polymorphic
variants of genes involved in carcinogen metabolism and
repair of DNA damage may affect the occurrence of de novo
promoter methylation (43).

Recently, Shen et al. (27) reported an association between
DNMT3B 46359C >T polymorphism and lung cancer risk in
non-Hispanic whites. They found that the heterozygous CT
genotype was associated with a significantly increased risk for
lung cancer as compared with the homozygous CC genotype.
These authors reported that the risk estimate related to the
variant genotype was higher for SCC than for AC. In contrast
to their finding, DNMT3B —283T>C and —579G>T poly-
morphisms were associated with the risk of AC, but not with
SCC in the current study. The reason for the difference in lung
cancer histological type associated with DNMT3B polymorph-
ism between two studies is not clear but may be because the
polymorphic site they analyzed was different from those ana-
lyzed in the current study. Given that the DNMT3B
46359C>T polymorphism was not detected in our study
population it is also possible that the different results between
two studies may be attributable to the genetic differences
in different ethnic populations. Geographic differences in
carcinogen exposure or molecular pathogenesis should be
also considered. In the previous study (27), they reported
that the DNMT3B 46359C>T polymorphism is located in
the DNMT3B promoter and is linked with DNMT3B
promoter activity. Based on the GenBank reference sequence
(accession no. AL035071), however, this polymorphism is
located at intron 5 (IVS6-49C>T). It is unclear how this
intronic polymorphism effects on the promoter activity of the
DNMT3B gene.

Genetic susceptibility to lung cancer may depend on the
level of carcinogen exposure (44,45). However, in the current
study, we did not find any evidence for a gene-smoking
(smoking status or pack-years of smoking) interaction. The
DNMT3B polymorphism may have an influence on disease
progression. In the present study, however, no significant
difference was observed in the genotype distributions of both
polymorphisms according to the stage of lung cancer (data not
shown). One must consider a number of limitations of this
study. Since this study was a hospital-based case-control
study, there might be some selection bias. Given that most
lung cancer patients are treated at university hospital in Korea,
the demographics and clinical characteristics of the cancer
patients in the current study were compatible with those of a
nationwide lung cancer survey (30). Furthermore, as all the
lung cancer patients diagnosed at a national university hospital
were included in this study, it is reasonable to assume that the
case group represents the lung cancer cases in our community.
All cases and controls were ethnically Koreans and residents
of Daegu City or the surrounding regions. Another selection
bias may derive from controls that did not participate in this
study. However, because the age and sex distribution of non-
participating controls were similar to those of the participating
controls in the current study, a self-selection bias is unlikely.
By matching on age and sex, potential confounding factors
might be minimized. An inadequacy in matching on smoking
exposure would be controlled in data analysis with additional
adjustment.

In conclusion, we found that the —283T >C and —579G>T
polymorphisms in the DNMT3B promoter, and their
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haplotypes were significantly associated with the risk of lung
cancer, particularly AC. These results suggest that the
DNMT3B gene may be involved in the development of lung
cancer although additional studies with larger sample sizes are
required to confirm our findings. Future studies of other
DNMT3B sequence variants and their biologic function are
also needed to understand the role of DNMT3B polymorphisms
in determining the risk of lung cancer. Moreover, since genetic
polymorphisms often vary between ethnic groups, further stu-
dies are needed to clarify the association of the DNMT3B
polymorphism with lung cancer in diverse ethnic populations.

Acknowledgements

This study was supported by a grant of National Cancer Control R&D Program
2003, Ministry of Health & Welfare, Republic of Korea.

References

1.Spitz,M.R., Wei,Q., Dong,Q., Amos,C.I. and Wu,X. (2003) Genetic
susceptibility to lung cancer: the role of DNA damage and repair. Cancer
Epidemiol. Biomark. Prev., 12, 689-698.

2.Moore,L.E., Huang,W.-Y., Chung,J. and Hayes,R.B. (2003)
Epidemiologic consideration to assess altered DNA methylation from
environmental exposure to cancer. Ann. N. Y. Acad. Sci., 983, 181-196.

3.Jones,P.A. and Laird,P.W. (1999) Cancer epigenetics comes of age.
Nature Genet., 21, 163-167.

4.Baylin,S.B. and Herman,J.G. (2000) DNA hypermethylation in tumor-
igenesis: epigenetics joins genetics. Trends Genet., 16, 168-174.

5.YenR.W.,  Vertino,P.M., Nelkin,B.D.,, YuJJ., el Deiry,W,
Cumaraswamy,A., Lennon,G.G., Trask,B.J., Celano,P. and Baylin,S.B.
(1992) Isolation and characterization of the cDNA encoding human DNA
methyltransferase. Nucleic Acids Res., 20, 2287-2291.

6.Xie,S., Wang,Z., Okano,M., Nogami,M., Li,Y., He,W.-W., Okumura,K.
and Li,E. (1999) Cloning, expression and chromosome locations of the
human DNMT3 gene family. Gene, 236, 87-95.

7.Bestor,T.H. (2000) The DNA methyltransferases of mammals. Hum. Mol.
Genet., 9, 2395-2402.

8.Rhee,I., Bachman,K.E., Park,B.H. et al. (2002) DNMT1 and DNMT3b
cooperate to silence genes in human cancer cells. Nature, 416, 552-556.

9.Kim,G.-D., NiJ., Kelesoglu,N., Roberts,R.J. and Pradhan,S. (2002)
Co-operation and communication between the human maintenance and
de novo DNA (cytosine-5) methyltransferase. EMBO J., 21, 4183-4195.

10.Bestor,T.H. (1992) Activation of mammalian DNA methyltransferase by
cleavage of a Zn binding domain. EMBO J., 11, 2611-2617.

11.0kano,M., Bell,D.W., Haber,D.A. and Li,E. (1999) DNA methyltrans-
ferases Dnmt3a and Dnmt3b are essential for de novo methylation and
mammalian development. Cell, 99, 247-257.

12.Gama-Sosa,M.A., Slagel,V.A., Trewyn,R.W., Oxenhandler,R., Kuo,K.C.,
Gehrke,C.W. and Ehrlich,M. (1983) The 5-methylcytosine content of
DNA from human tumors. Nucleic Acids Res., 11, 6883-6894.

13.Robertson,K.D. (2001) DNA methylation, methyltransferases, and cancer.
Oncogene, 20, 3139-3155.

14.Woodson,K., Mason,J., Choi,S.-W., Hartman,T., Tangrea,J., Virtamo,J.,
Taylor,P.R. and Albans,D. (2001) Hypomethylation of p53 in peripheral
blood DNA is associated with the development of lung cancer. Cancer
Epidemiol. Biomark. Prev., 10, 69-74.

15.Zochbauer-Muller,S., Fong,K.M., Virmani,A K., Geradts,J., Gazdar,A.F.
and Minna,J.D. (2001) Aberrant promoter methylation of multiple genes in
non-small cell lung cancer. Cancer Res., 61, 249-255.

16.Esteller,M. and Herman,J.G. (2002) Cancer as an epigenetic disease: DNA
methylation and chromatic alterations in human cancers. J. Pathol.,
196, 1-7.

17.Gonzalgo,M.L. and Jones,P.A. (1997) Mutagenic and epigenetic effects of
DNA methylation. Mutat. Res., 386, 107-118.

18. Denissenko,M.F., Chen,J.X., Tang,M.-S. and Pfeifer,G.P. (1997) Cytosine
methylation determines hot spots of DNA damage in the human P53 gene.
Proc. Natl Acad. Sci. USA, 94, 3893-3898.

19.YoonJ.-H.,  Smith,L.E., Feng,Z., TangM.-S., Lee,C.-S. and
Pfeifer,G.P. (2001) Methylated CpG dinucleotides are the preferenctial
targets for G-to-T transversion mutations induced by benzo[a]pyrene
diol epoxide in mammalian cells: similarities with the p53 mutation

408

spectrum in smoking-associated lung cancers. Cancer Res., 61,
7110-7117.

20.Robertson,K.D., Uzvolgyi,E., Liang,G., Talmadege,C., Sumegi,J.,
Gonzales,F.A. and Jones,P.A. (1999) The human DNA methyltrans-
ferases (DNMTs) 1, 3a and 3b: coordinate mRNA expression in
normal tissues and overexpression in tumors. Nucleic Acids Res., 27,
2291-2298.

21.Belinsky,S.A., Nikula,K.J., Baylin,S.B. and Issa,J.-P.J. (1996) Increased
cytosine DNA methyltransferase activity is target-cell-specific and an
early event in lung cancer. Proc. Natl Acad. Sci., 93, 4045-4050.

22.Xie,S., Wang,Z., Okano,M., Nogami,M., Li,Y., He,W.-W., Okumura,K.
and Li,E. (1999) Cloning, expression and chromosome locations of the
human DNMT3 gene family. Gene, 236, 87-95.

23.Kanai, Y., Ushijima,S., Kondo,Y., Nakanishi,Y. and Hirohashi,S. (2001)
DNA methyltransferase expression and DNA methylation of CPG islands
and peri-centromeric satellite regions in human colorectal and stomach
cancers. Int. J. Cancer, 91, 205-212.

24.Mizuno,S.-1., Chijiwa,T., Okamura,T., Akashi,K., Fukumaki,Y., Niho,Y.
and Sasaki,H. (2001) Expression of DNA methyltransferase DNMT1, 3A,
and 3B in normal hematopoiesis and in acute and chronic myelogenous
leukemia. Blood, 97, 1172-11709.

25.Rhee,l., Jair K.-W., Yen,R.-W.C., Lengauer,C., Herman,J.G.,
Kinzler,K.W., Vogelstein,B., Baylin,S.B. and Schuebel,LK.E. (2000) CpG
methylation is maintained in human cancer cells lacking DNMTI. Nature,
404, 1003-1007.

26.Kiyohara,C., Otsu,A., Shirakawa,T., Fukuda,S. and Hopkin,J.M. (2002)
Genetic polymorphisms and lung cancer susceptibility: a review. Lung
Cancer, 37, 241-256.

27.Shen,H., Wang,L., Spitz,M.R., Hong,W K., Mao,L. and Wei,Q. (2002) A
novel polymorphism in human cytosine DNA-methyltransferase-3B
promoter is associated with an increased risk of lung cancer. Cancer
Res., 62, 4992-4995.

28.Park,J.Y., Park,S.H., Choi,J.E. et al. (2002) Polymorphism of the DNA
repair gene XPA and risk of primary lung cancer. Cancer Epidemiol.
Biomark. Prev., 11, 993-997.

29.Jeon,H.-S., Kim,K.M., Park,S.H. et al. (2003) Relationship between XPG
codon 1104 polymorphism and risk of primary lung cancer.
Carcinogenesis, 24, 1677-1681.

30.Lee,C.-T., Kang,K.H., Koh,Y., ChangJ., ChungH.S., Park,S.K.,
Yoo0,K.-Y. and Song,J.S. (2000) Characteristics of lung cancer in
Korea, 1997. Lung Cancer, 30, 15-22.

31.Lewontin, R.C. (1988) On measures of gametic disequilibrium. Genetics,
120, 849-852.

32.Stephens,M., Smith,M.J. and Donnelly,P. (2001) A new statistical method
for haplotype reconstruction from population data. Am. J. Hum. Genet., 68,
978-989.

33.Yanagisawa,Y., Ito,E., Yuasa,Y. and Maruyama,K. (2002) The human
DNA methyltransferases DNMT3A and DNMT3B have two types of
promoters with different CpG contents. Biochim. Biophys. Acta, 1577,
457-465.

34.Belinsky,S.A. (1998) Role of the cytosine DNA-methyltransferase and
p16™54 genes in the development of mouse lung tumors. Exp. Lung Res.,
24, 463-479.

35.Hammons,G.J., Yan,Y., Lopatina,N.G., Jin,B., Wise,C., Blann,E.B.,
Poirier,L.A., Kadlubar,F.F. and Lyn-Cook,B.D. (1999) Increased expres-
sion of hepatic DNA methyltransferase in smokers. Cell Biol. Toxicol., 15,
389-394.

36.Grabe,N. (2002) Alibaba2: context specific identification of transcription
factor binding sites. In Silico. Biol., 2, S1-1.

37.GuJ., Spitz,M.R., Yang,F. and Wu,X. (1999) Ethnic differences in
poly(ADP-ribose) polymerase pseudogene genotype distribution and
association with lung cancer risk. Carcinogenesis, 20, 1465-1469.

38.Sugimura,H., Kohno,T., Wakai,K. et al. (1999) hOGGI Ser326Cys
polymorphism and lung cancer susceptibility. Cancer Epidemiol.
Biomark. Prev., 8, 669-674.

39.Liu,G., Miller,D.P., Zhou,W., Thurston,S.W., Fan,R., XuL.-L.,
Lynch,T.J., WainJ.C., Su,L. and Christiani,D.C. (2001) Differential
association of the codon 72 p53 and GSTMI polymorphisms on
histological subtype of non-small cell lung cancer. Cancer Res., 61,
8718-8722.

40.Issa,J.P., Baylin,S.B. and Belinsky,S.A. (1996) Methylation of the
estrogen receptor CpG island in lung tumors is related to the specific
type of carcinogen exposure. Cancer Res., 56, 3655-3658.

41.Belinsky,S.A., Nikula,K.J., Baylin,S.B. and Issa,J.P. (1996) Increased
cytosine DNA-methyltransferase activity is target-cell-specific and an
early event in lung cancer. Proc. Natl Acad. Sci., 93, 4045-4050.

220z 1snbny oz uo 1senb Aq 0109/ ¥2Z/€01/2/9Z/21911e/uI0ied/WOo2 dno-ojwepeoe//:sdiy wolj papeojumoq



42.Toyooka,S., Maruyama,R., Toyooka,K.O. et al. (2003) Smoke
exposure, histologic type and geography-related differences in the
methylation profiles of non-small cell lung cancer. Int. J. Cancer, 103,
153-160.

43.Gilliand,F.D., Harms,H.J., CrowelllR.E.,, Li,Y.-F., Willink,R. and
Belinsky,S.A. (2002) Glutathione S-transferase P1 and NADPH quinolone
oxidoreductase pol]}\f]morphisms are associated with aberrant promoter
methylation of P16"™%4* and O®-methylguanine-DNA methyltransferase in
sputum. Cancer Res., 62, 2248-2252.

DNMT3B polymorphisms and risk of primary lung cancer

44.Vineis,P. (1997) Molecular epidemiology: low-dose carcinogens and
genetic susceptibility. Int. J. Cancer, 71, 1-3.

45.Shields,P.G. and Harris,C.C. (2000) Cancer risk and low-penetrance
susceptibility genes in gene-environment interactions. J. Clin. Oncol., 18,
2309-2315.

Received June 29, 2004, revised September 30, 2004,
accepted October 1, 2004

409

220z 1snbny oz uo 1senb Aq 0109/ ¥2Z/€01/2/9Z/21911e/uI0ied/WOo2 dno-ojwepeoe//:sdiy wolj papeojumoq



